R. J. Kellar-I was enabled to revive old friendships by spending a brief period in the professorial unit; and secondly because nearly 20 years ago my father, Professor F. J. Browne, stood on this very spot delivering to a similar audience another Honyman-Gillespie Lecture (Browne, 1944) . His subject at that time was toxaemia of pregnancy. Mine today is not very far removed from that topic because the concept of placental insufficiency in its modern connotation includes among its aetiological factors this self-same subject. It may be wondered if in the intervening years we have made any progress at all in regard to the aetiology, prevention and management of pre-eclamptic toxaemia. Indeed, for all the thousands of papers that have been written and lectures delivered on this subject during this period we might quote Robert Burns who said 'Muckle cry and little oo', as the de'il said when he clipped the soo'. There certainly has been much cry but has there, in fact, been so little wool? I must confess that as regards aetiology, though progress there has been, this has served only to show that there are more pieces in the jigsaw than we had imagined. Some of these pieces begin to fit together, but the puzzle has by no means been completed. As regards prevention 1 think it *Honyman-Gillespie Lecture given in Edinburgh on 29th November 1962. would be fair to say that we are able to prevent almost every case of eclampsia, and maternal and perinatal mortality from toxaemia have dropped year by year to levels u hich our forebears would have considered astonishing. As regards management, the advent of potent hypotensive drugs and sedatives such as Bromethol, improved anaesthesia, and safe Caesarean section have all contributed to the reduction in maternal and foetal mortality. Statistical surveys have picked out for us the types of women who are 'toxaemia-prone'. Prevention and management have reduced the toll of death, yet the aetiology of pi-e-eclamptic toxaemia and eclampsia remains obscure. Nevertheless, in the past 25 years various isolated discoveries have been linked together and now give us tantalising suggestions that the picture may soon be complete. Since 1946 methods have become available which permit the investigation of the physiopathology of the placenta and of the kidney, and the broad concept of placental insufficiency as an important feature in toxaemia and many other conditions has emerged.
The idea that the placenta may sometimes be inadequate or insufficient for its task is by no means a new one, and long before the complexity of its functions was appreciated the association of a stillborn foetus with a small placenta was a commonplace observation. Ever since the days of Chamberlain and of William Smellie obstetrics has been primarily a manipulative art, and it is ollly in con-paratikely recent years that an appreciation of the extent and scope of its physiological aspects has developed. Thus, while the nutritive, excretory and respiratory roles of the placenta have long been appreciated in broad outline, its endocrine function has only been known since 1926. The haemodynamics of the placenta have been amenable to investigation for a much shorter period. It was only 9 years ago that the first publications (Browne & Veall, 1953; Metcalf et al., 1953) on this subject appeared, and here let me say at once that it was your own Professor of Midwifery, Professor R. J. Kellar, who gave the impetus to some of this original work. More and more in the study of disease we are being thrown back to a study of physiological function as a base line from which disease represents a departure.
More than in any other branch of clinical medicine obstetrics has available a mass of statistics, and while statistics, if misused, can prove very misleading, at least they can point in obstetrics to certain areas of disease which carry a bad prognosis and in which even the most basic physiological knowledge islacking. Statistics derived from hospital data are notoriously biased, as hospitals tend to collect only the worst cases of any condition. National figures, however, give a much more reliable guide to epidemiology. The data collected by the Registrar General each year are, in the main, concerned with causes of death in a general way. There have, however, been two surveys in the obstetric field in the last 15 years. The first one, entitled 'Maternity in Great Britain' was oublished in 1949 and gave most useful parameters indicating lines of research in need of urgent attention. The second survey-the 'Perinatal mortality survey' of the National Birthday Trust-gave an overall picture of births in Britain during 1 week in March 1958 in regard to the children themselves. and also to their mothers.
The sur;ey showed that in more than half the stillbirths there was no detectable foetal cause (Claireaux, 196 1) . The infants were perfectly normal and apparently capable of survival, given the chance. The only postmortem findings in these babies were those due to anoxia. and sometimes intranatal pneumonia. The main maternal conditions associated with these cases were pre-eclamptic toxaemia, hypertension and prolonged pregnancy, suggesting that in these there is a failure ofadequate oxygen supply to the foetus.
As in these conditions the mother herself remains adequately oxygenated, it seems that the failure must lie in the placental transfer mechanism, a failure of such a degree as to cause foetal death. Such failure could be extrinsic, due to abnormality in the mother affecting the working capacity of the placenta; or it could be intrinsic, within the placenta itself. The occurrence of one intrinsic factor -a diminishing permeability-was shown by Flexner et al. (1941) who demonstrated that the rate of transfer of sodium from mother to foetus reached a peak at 36 weeks, falling off rapidly thereafter. It is known, too, that the ratio of placental to foetal weight reaches its lowest figure in the last week or two of pregnancy. This and similar evidence suggests that the placenta has a useful life of approximately 40 weeks, shorter in some cases and longer in others, though still within the normal range of biological variation, and that some degree of placental insufficiency is a normal occurrence as the placenta ages. For reasons at present unknown, the onset of labour in the vast majority of cases fortunately precedes the demise of the placenta, and the foetus is happily delivered from an increasingly anoxic environment. In a few apparently otherwise normal cases, however, the onset of labour is postponed beyond the stage where the ageing placenta can meet the gaseous and other needs of the growingfoetus, and foetal growth slows, then ceases, and finally the child dies in utero, from anoxia due to placental insufficiency. In these cases the child is thin (the starveling foetus), with cracked skin, stained with meconium, as are the placenta and cord [the typical dysmature infant described by Clifford (1954) l. In the 'Perinatal mortality survey' to which I have already referred the incidence of pregnancy lasting longer than 42 weeks was 3.5 per cent, and when toxaemia, ante-partum haemorrhage and congenital anomaly were excluded the perinatal mortality compared with that at term was doubled at 43 weeks and increased more than five-fold at 45 weeks (Browne, 1963) (Fig. 1) . Clearly this reinforces the idea that the demands of the foetus may exceed the possibility of supply by an ageing placenta. That the association of toxaemia and prolonged pregnancy worsens the perinatal mortality rate (a point shown clearly in the 'Perinatal mortality survey') suggests that toxaemia has a similar effect on placental transfer, and that toxaemia and prolonged pregnancy summate to produce severe placental insufficiency. This seems to be aggravated by increasing maternal age, and is more marked in the primigravida than the multipara, though the grand multipara tends to behave like the primigravida.
It is now, I think, generally accepted that in toxaemia there is an impaired supply of maternal blood to the placental bed. With Norman Veall in 1953 I was able to show with the aid of an isotope method that placental ischaemia, long suspected to occur in toxaemia, was a reality. Veall and I found that in toxaemia the maternal blood flow was reduced to one-third of normal. Histological changes in the vessels of the placental bed in this condition have been beautifully demonstrated by Dixon and Robertson (1958) , changes which it is hard to imagine could be readily reversed. Professor Norman Morris (1955) of Charing Cross Hospital, London, adapted our method for determining the rate of maternal placental blood flow to the problem of uterine circulation, and showed that in toxaemia a similar ischaemia pervaded the uterus as a whole, so that it seems that placental ischaemia is only part of a pattern of widespread ischaemia throughout the body. The existence of uterine ischaemia has been confirmed by other workers, notably Moore and Myerscough (1957) . Morris et al. (1956) also showed that exercise slowed the rate at which injected sodium was cleared from the uterine muscle, suggesting that it produced impairment of the uterine, and therefore, placental blood supply.
Dixon and I have some evidence that in some cases of prolonged pregnancy the rate of maternal placental blood flow is reduced, and Dixon and Robertson (1961) have consistently found histological changes suggestive of severe spasm in the placental bed vessels with frequent necrosis of the decidua in these cases. Caldeyro-Barcia (1957), using essentially our method, has shown that the contractions of labour reduce maternal placental circulation.
It seems then that on clinical and statistical grounds there is good evidence that in prolonged pregnancy and in toxaemia (and I include in this term hypertension of whatever origin) there is a deficiency of placental funcion, summated when the two conditions occur together, depriving the foetus of the means for survival, worse in primiparae, and aggravated by increased maternal age and by physical activity. Walker (1954) showed that in these conditions the foetus was short of oxygen, though some doubt has been cast on the validity of his observation (Prystowsky & Eastman, 1957 ; Macafee & Bancroft-Livingston, 1958). There is some evidence that in twin pregnancy placental insufficiency occurs earlier than with single pregnancy. Thus there seem to be at least two elements in placental insufficiency for which we already have experimental proof. The first is the reduction in maternal blood supply to the placental bed and the second the diminution of placental transfer as suggested by Flexner's work. These however, are only two aspects of the many in placental function. The placenta is a remarkable hormone factory and Scott Russell et al. (1957) have shown how the excretion of pregnanediol can be used as an index of placental function at least in the first half of pregnancy, the pregnanediol excreted being derived from progesterone produced by the placenta. Blood progesterone levels, however, (Eton & Short, 1960) do not seem to run parallel to pregnanediol excretion, though Greig et a/. (1962) find a fairly close relationship between blood progesterone levels and oestridexcretion. Progesterone changes in the vaginal smear also give some guidance as to the possible outcome .__ l _ l --., *, (Fig. 2 a, h ) though these are not yet fully worked out. More recently, and particularly due to the excellent work done in Edinburgh (Kellar er a/., 1959) , we have come to realise that oestriol excretion is a fairly good index of placental function in the latter half of pregnancy. Thus in cases ending in abortion we find that pregnanediol excretion is low and the changes in the vaginal smear suggest a progesterone deficiency. Later in pregnancy . 370 oestriol excretion predicts the probable outcome, a fall in oestriol excretion being of bad prognosis (Fig. 3) . Attempts to assess placental function by determining the amounts of enzymes produced have so far met with little success. Dawkins, MacGregor and McLean (1959) studied the levels of isocitric dehydrogenase and suggested that low levels indicated poor placental function. Their work has not, however, as yet been confirmed.
--Further evidence of placental insufficiency comes indirectly from studies of the volume of the liquor amnii. Elliot and Inman (1961) in my department, using a dye-dilution method, have shown that the volume of the liquor amnii diminishes steadily in normal pregnancy from 38 weeks onwards, and if the pregnancy is prolonged to 43 weeks, very little liquor is left by that time (Fig. 4) toxaemia is less than that in normal pregnancy and the diminution to low levels occurs earlier. This suggests that the volume of the liquor amnii reflects the efficiency of the placenta.
It seems then that we have a considerable body of clinical, pathological, statistical, and experimental evidence in favour of placental insufficiency in conditions known to have a high perinatal mortality due to asphyxia.
Is it possible to detect warning signs of this condition?
Weight changes
Of the average weight gain in pregnancy (24 lb.) half or 12 pounds is due to retention of water. It seems that the oestrogen and progesterone production of the placenta is in large part responsible for this retention. Failure of placental function might then be indicated by failure to gain weight or perhaps by loss of weight, and though in recent years we have heard much about excessive gain of weight as a herald of toxaemia, today interest is focussing more and more on those women who fail to gain the normal amount of weight during pregnancy, or who, after gaining weight normally, begin to lose it again. In both of these groups the perinatal mortality is raised. Fifty per cent of women show a loss of weight at term, a figure somewhat increased in prolonged pregnancy. Some women (notably those with essential hypertension) will start to lose weight earlier. It seems that by this simple method of weighing the pregnant woman we can to some extent detect placental insufficiency in its earlier stages, and by timely intervention rescue the foetus from an increasingly hostile environment.
Abdominal girth
The average girth of the abdomen at 36 weeks is 36 inches, and at 40 weeks 40 inches.
As the liquor amnii becomes absorbed so the uterus tends to shrink and the abdominal girth, previously increasing, ceases to do so and finally indeed diminishes. Again this acts as a warning that all is not well.
We have then two simple clinical methods, so simple that their value is often derided. Nevertheless I firmly believe that, conscientiously measured and recorded, the changes in maternal weight and abdominal girth are good indices of placental insufficiency, and they need no laboratory behind them.
X-rays
Placental calcification can be detected by means of X-rays from 32 weeks onwards. The more severe degrees of calcification are usually seen in pregnancy prolonged beyond term, but may be seen earlier. Marked calcification is a herald of foetal death (Hartley, 1954) . Johnson and Clayton (1955) have studied the rate of transfer of radio-active sodium from mother to foetus, and have shown that in toxaemia it is impaired. Serial observations, however, so important in this type of work, are undesirable with methods involving the use of radio-active materials. Additional and often invaluable information can be got by means of the vaginal smear, and serial estimations of pregnanediol excretion, and later on of oestriol excretion, are most valuable. These last three methods, however, are not as yet universally available. Where they are available the information they give is of the greatest importance. On the other hand estimation of weight and of abdominal girth can be done by anyone and everyone, and give by themselves sufficient warning for the necessary interference to be undertaken.
It is probably true to say that every pregnancy, if it goes on long enough without delivery, will end in intra-uterine death from placental insufficiency. Fortunately, however, in the vast majority of women the spontaneous onset of labour delivers the foetus from an increasingly anoxic environment. Ripening of the cervix and the spontaneous onset of labour, however, unfortunately do not always coincide with the optimum diration of pregnancy in any particular case, and it is then our duty to intervene to give a potentially healthy child the chance to survive.
By various means, for example ante-natal care, improved anaesthesia, better operative techniques, blood transfusion and so on, we have reduced perinatal mortality to unbelievably low levels when considered in the light of 50 years ago, but there is still a residue of avoidable foetal deaths which constitutes a challenge to every obstetrician; and recognition of placental insufficiency will help us to attack this residue and to prevent at least 2000 avoidable foetal deaths in Britain every year.
The decision to intervene by surgical induction or, when appropriate, Caesarean section, however, demands a high degree of judgement and of experience, lest the benefits of delivery are outweighed by the hazards of illadvised interference. The permeability of the human placenta to sodium in normal and abnormal pregnancies and the supply of sodium to the human fetus as determined with radioactive sodium. Amer. J. Obstet. Gjlnec., 55,469
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